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(57) ABSTRACT

Methods and systems for aerosol delivery of agents to a
patient are described herein. The present system can be used
to administer various types of agents, such as a vaccine or
other types of pharmaceutical substances. Certain embodi-
ments of the present system utilize an actuator coupled to a
disposable aerosolizing element that aerosolizes an agent for
delivery to a patient when acted upon by the actuator. The
aerosolizing element prevents the agent from contacting the
actuator and other non-disposable components of the system
so that little or no cleaning or maintenance is required. The
present system also can include an aerosolization rate moni-
tor that monitors the rate at which an agent is being aero-
solized and provides feedback to the user to ensure that the
proper dose is being administered.
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AEROSOL DELIVERY SYSTEMS AND
METHODS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation of U.S. patent applica-
tion Ser. No. 10/587,814, filed Jul. 28, 2006 now U.S. Pat. No.
7,954,486, which is a U.S. national stage application of PCT/
US2005/011086, filed Apr. 1, 2005, which claims the benefit
of' U.S. Provisional Application No. 60/559,318, filed Apr. 2,
2004, all of which applications are incorporated herein by
reference.

GOVERNMENT INTERESTS

This invention was made by the Centers for Disease Con-
trol and Prevention, an agency of the United States Govern-
ment. Therefore, the United States Government may have
certain rights in this invention.

FIELD

The present disclosure relates generally to the delivery of
agents, and more particularly, to systems and methods for
delivery of agents using aerosol devices.

BACKGROUND

Needles and syringes have posed a variety of problems for
patients and medical personnel who administer agents to the
patients, including injection safety, needle stick injury, dis-
posal problems, transmission of blood borne diseases, and
needle shortages during mass vaccination campaigns. The
replacement of needles and syringes as the primary delivery
vehicle for agents has the potential for tremendous cost sav-
ings, increased safety and reduction of biomedical wastes.

Aerosol delivery of agents avoids many of the foregoing
drawbacks of injection. Much of the equipment used for
aerosol delivery is cumbersome and has not been widely
employed for many treatment methods. Nebulizers are com-
monly used in hospitals for acrosol delivery of agents in the
treatment of respiratory diseases. In practice, a nebulizer uses
compressed gases to convert a solution of the agent into fine
droplets. The droplets are administered to the patient through
an air stream that the patient breathes inwardly through a
mouthpiece or mask. As the patient breathes, the agent is
delivered to the patient’s lungs and absorbed therein.

Typically, nebulizers rely upon an external compressed gas
source to convert a solution of the agent into fine droplets. As
a result of the need for an external source of compressed gas,
nebulizers tend to be bulky and difficult to move. Further, the
effectiveness of a nebulizer depends upon proper inhalation
by the patient, which can be difficult to monitor and to teach
to the patient.

Currently used jet nebulizers function in the same general
way. Liquid is drawn up to an air nozzle by capillary forces
and/or the Bernoulli effect. At the nozzle, a high-speed air jet
shatters the liquid into droplets. Droplets blast against an
impactor to break them up further into smaller droplets. Like
most atomization processes, this droplet generation process
results in a size distribution. To obtain the desired small
aerosol droplets, baftles capture large droplets (which cannot
follow the airflow path well), leaving the fine aerosol in the
output stream of the nebulizer. The larger droplets recycle to
the liquid reservoir of the nebulizer.
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This nebulization process is inherently inefficient. Mea-
surements show that typical nebulizers only convert a few
percent of the aspirated liquid to fine aerosol droplets. Thus,
liquid will normally be recycled well in excess of twenty
times before it reaches the desired size and is exhausted from
the nebulizer. The inefficiency of the jet nebulizer poses prob-
lems to its use for aerosol vaccination. High velocity is
needed in the air jet to provide the energy required to break the
liquid into sufficiently small droplets, necessitating relatively
high air supply pressures in flow rates. Compressing air to
provide this supply requires significant power, either human
or electric.

Fluid recycling in the nebulizer in the small amount of
vaccine required for each dose results in the inability to oper-
ate on a dose-by-dose basis. Many doses need to be present in
the nebulizer in order for droplet coalescence on the baffles in
other surfaces to return liquid to the reservoir. In addition, the
repeated mechanical stress of atomization on the vaccination
particles in the liquid risks diminishing the viability of the
vaccine.

Another drawback of conventional nebulizers is that the
components that come in contact with the agent being dis-
pensed must be thoroughly cleaned after each session of use
to prevent the growth of bacteria or other contaminants. Such
cleaning and maintenance requirements pose a modest chal-
lenge in modern medical settings, but can prove to be
extremely difficult to achieve with untrained personnel or in
underdeveloped regions of the world. Hence, conventional
nebulizers are impractical for use in mass vaccination cam-
paigns, especially in underdeveloped countries.

Existing vibrating mesh nebulizers have similar draw-
backs. Vibrating mesh devices typically operate by ejecting
droplets through tiny orifices of a thin plate (the “mesh”) that
is vibrated ultrasonically by an actuator. Existing vibrating
mesh devices place the agent to be aerosolized in direct con-
tact not only with the mesh, but also with the actuator. In such
devices, the mesh, actuator surfaces, and the fluid pathway in
the device are intended for long-term single-patient use and
must be cleaned after each use. Cleaning of these devices
under field conditions and their use in multi-patient settings,
such as in mass vaccination campaigns impose substantial
difficulties and costs.

Monitoring or verifying the dose of aerosol delivered to a
patient also poses a concern in the administration of acrosols
(e.g., aerosol vaccination), especially when young children
are involved. Unlike injection, where the delivery of a dose
can be clearly observed, the delivery of an aerosolized agent
via a nebulizer is more difficult to monitor.

Thus, a need exists for effective systems and methods for
administering an agent in an aerosol form, without a needle,
and in more accurate dosages. Further, a need exists for deliv-
ery systems that are easier to use and maintain and reduce the
likelihood of contamination, especially for use in mass vac-
cination campaigns.

SUMMARY

The present disclosure concerns methods and systems,
including devices, for delivery of agents that do not require
use of needles to gain entry into a biological system. More
particularly, the present disclosure concerns methods and
systems for aerosolizing, or nebulizing, agents for patient
delivery. For example, such systems and methods can be used
for delivering agents such as pharmaceuticals, chemothera-
peutics, immune agents, and vaccines.

The present disclosure describes methods and systems for
administering one or more agents to multiple patients (either
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human or non-human) in single dosage applications or to an
individual patient for multiple administrations. For example,
many patients can be immunized with an inhaled vaccine
composition using the present disclosure without the need for
needles or substantial cleaning or maintenance. In other
applications, the composition may be administered to one
individual.

An embodiment of the present disclosure comprises a por-
table aerosol delivery device that includes a housing shaped to
be held in a user’s hand. The housing houses a disposable
aerosolization element and an actuator that is operable to
apply a moving force to the aerosolization element for aero-
solizing an agent. The aerosolization element can include an
integral reservoir in which there is stored a predetermined
volume of agent. Alternatively, the aerosolization element
can be directly coupled to a vial or container in which the
agent is stored. For example, the aerosolization element can
include a piercing prong or needle that is inserted into a
puncturable closure (e.g., arubber cap) of a vial to allow agent
stored in the vial to flow into the aerosolization element. The
amount of agent stored in the aerosolizing element and/or the
vial can be sufficient for administering a single dose or mul-
tiple doses of the agent.

The aerosolization element defines an internal chamber
that receives agent from the reservoir and/or a vial coupled to
the aerosolization element. One side of the chamber is par-
tially bounded by an orifice surface defining a plurality of
orifices. The opposite side of the chamber is partially
bounded by a movable element that is coupled to the actuator.
Vibratory oscillations of the actuator cause the movable ele-
ment to move alternately toward and away from the orifice
surface. As the movable element moves closer to the orifice
surface, the pressure in the chamber increases and causes the
agent to be expelled through the orifices in the form of aerosol
droplets. As the movable element moves away from the ori-
fice surface, additional agent is drawn into the chamber to be
aerosolized in the next cycle. When the aerosolization ele-
ment (or the vial connected to the aerosolization element) is
empty, the aerosolization element can be removed for dis-
posal and replaced with another acrosolization element.

Agent can be fed into the chamber of the aerosolization
element either through gravity or capillary action. In the case
of'gravity feed, the agent is stored in the reservoir and/or a vial
positioned above the chamber so that agent can flow into the
chamber under the force of gravity. In the case of capillary
feed, the agent is stored in the reservoir and/or a vial posi-
tioned below the chamber and is drawn upwardly into the
chamber by capillary action of the agent.

Advantageously, the aerosolization element prevents the
agent from contacting the actuator and other non-disposable
components of the device so that little or no cleaning or
flushing of the device is required after each session. Conse-
quently, unlike conventional nebulizers, the device of the
present disclosure is suitable for use in high-workload appli-
cations, such as mass immunization campaigns in underde-
veloped nations. Use of the aerosol delivery device also
avoids many of the drawbacks of administering agents via
injection, including the need for skilled personnel, the risk of
blood-borne diseases, high cost, patient aversion to injection,
and the need to safely dispose of used needles and syringes.

In particular embodiments, the aerosol delivery device also
includes an aerosolization rate monitor that monitors the rate
at which the agent is being acrosolized. The aerosolization
monitor includes a light source, such as a laser diode, for
projecting a light beam across an aerosol plume emanating
from the aerosolization element. A light detector, such as a
photodiode, detects the obscuration of the light beam, which
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corresponds to the concentration of aerosol droplets in the
aerosol plume. The device can include a visual display, such
as a digital readout, that displays the aerosolization rate to
ensure that the proper dosage is being administered. The
device also can include an indicator light and/or an audible
alarm for warning the user when the aerosolization rate is
outside an acceptable range.

The aerosol delivery device includes a patient interface that
delivers the aerosolized agent to the mouth and/or nose of a
patient. One embodiment of the patient interface includes an
angled extension portion coupled to the housing of the device
and a disposable face mask that is shaped to cover the mouth
and nose of the patient. In one implementation, the mask is
made of a porous material that allows expiratory and inspira-
tory air to pass through the mask, but traps expired aerosol
and particles (e.g., cough or sneeze particles). In another
implementation, the mask is made of a non-porous material
and the extension portion is formed with one or more open-
ings allowing inspiratory air to be drawn into the extension
portion.

Another embodiment of the patient interface includes a
one-way valve that is operable to permit aerosolized agent to
flow to the patient and restrict flow in the opposite direction.
The one-way valve can be, for example, a flapper-type valve
or “duckbill” type valve. The valve protects the aerosolization
element and other re-usable components against contamina-
tion caused by expired particles. In addition, the entire patient
interface is disposable to further protect against patient-to-
patient contamination.

The foregoing and other objects, features, and advantages
of' the invention will become more apparent from the follow-
ing detailed description, which proceeds with reference to the
accompanying figures.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1A and 1B are side views, shown partially in section,
of an aerosol delivery device, according to one embodiment.

FIG. 2 is a side view of an aerosol delivery device, accord-
ing to another embodiment.

FIGS. 3A and 3B are side views, shown partially in section,
of an aerosol delivery device, according to yet another
embodiment.

FIGS. 4A and 4B are front elevation and cross-sectional
views, respectively, of a removable and disposable aero-
solization element for an aerosol delivery device, according
to one embodiment.

FIG. 5 is cross-sectional view of an embodiment of a cap-
illary feed aerosolization element for an aerosol delivery
device.

FIG. 6 is a front elevation view of another embodiment of
an aerosolization element for an aerosol delivery device.

FIGS. 7A and 7B are front elevation and cross-sectional
views, respectively, of another embodiment of an aerosoliza-
tion element for an aerosol delivery device.

FIGS. 8A and 8B are front elevation and cross-sectional
views, respectively, of another embodiment of an aerosoliza-
tion element that is used to store and mix two liquid compo-
nents.

FIG. 8C is a cross-sectional view similar to FIG. 8B, show-
ing the aerosolization element after the liquid components are
mixed together to form an agent to be aerosolized.

FIG. 9A is a cross-sectional view of another embodiment
of'an aerosolization element that contains a liquid component
separated from a dry component.
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FIG. 9B is a cross-sectional view similar to FIG. 9A, show-
ing the aerosolization element after the liquid component and
dry component are mixed together to form an agent to be
aerosolized.

FIG. 10A is a front elevation view of another embodiment
of an aerosolization element for an aerosol delivery device.

FIG. 10B is a cross-sectional view taken along line 10B-
10B of FIG. 10A.

FIG. 10C is a magnified cross-sectional view of a portion of
the aerosolization element.

FIG. 11 is an enlarged cross-sectional view of a patient
interface shown being used with the aerosol delivery device
of FIGS. 1A and 1B.

FIG. 12 is an enlarged cross-sectional view of another
embodiment of a patient interface shown being used with the
aerosol delivery device of FIGS. 1A and 1B.

FIG. 13 is an enlarged cross-sectional view of another
embodiment of a patient interface shown being used with the
aerosol delivery device of FIGS. 1A and 1B.

FIG. 14 is an enlarged cross-sectional view of another
embodiment of a patient interface shown being used with the
aerosol delivery device of FIGS. 1A and 1B.

FIG. 15 is an enlarged cross-sectional view of another
embodiment of a patient interface shown being used with the
aerosol delivery device of FIGS. 1A and 1B.

FIG. 16 is an enlarged cross-sectional view of a patient
interface, according to another embodiment, shown being
used with the aerosol delivery device of FIGS. 1A and 1B and
having a plurality of internal baffles in the flow path to the
patient.

FIGS. 17A and 17B are enlarged cross-sectional views of a
patient interface, according to another embodiment, showing
the operation of a one-way valve in the patient interface
permitting flow from the aerosol delivery device to a patient,
but inhibiting flow in the opposite direction.

FIGS. 18A and 18B are enlarged cross-sectional views of a
patient interface, according to another embodiment, showing
the operation of a one-way, duckbill valve in the patient
interface.

FIGS. 19A and 19B are enlarged cross-sectional views of a
patient interface having a one-way valve, according to
another embodiment.

FIGS. 20A and 20B are enlarged cross-sectional views of a
patient interface having a one-way valve, according to
another embodiment.

FIG.21A is aside elevation view of a piezoelectric actuator
for an aerosol delivery device and a heat sink coupled to the
actuator.

FIG. 21B is an end view of the heat sink shown in FIG.
21A.

FIGS. 22A, 22B, and 22C are front elevation, cross-sec-
tional, and exploded views of an aerosolization element,
according to another embodiment.

FIG. 23 is a cross-sectional view of another embodiment of
an aerosol delivery device.

FIGS. 24A and 24B are front and side elevation views,
respectively, of components of the acrosol delivery device
shown in FIG. 23.

FIG. 24C is a cross-sectional view taken along line 24C-
24C of FIG. 24A.

DETAILED DESCRIPTION
Asusedherein, the singular forms “a,” “an,” and “the” refer
to one or more than one, unless the context clearly dictates
otherwise.

As used herein, the term “includes” means “comprises.”
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Agents, as used herein, comprise agents that can be admin-
istered to living organisms for an effect in the treated organ-
ism. Such agents include live and killed organisms for vacci-
nation, immunogens, immune activators or suppressors,
chemotherapeutics, pharmaceuticals, nucleic acids, insulin,
hormones, antibodies and fragments thereof, receptors, pro-
teins, carbohydrates, fats, nutrients, anesthetics, narcotics,
and pain relievers.

The present disclosure is directed to methods and systems,
including devices, for aerosol delivery of agents to a patient.
The present system can be used to administer various types of
agents, such as vaccines and other pharmaceutical sub-
stances. Use of the present system for agent delivery, such as
for vaccination purposes, provides many benefits. For
example, the present system replaces the use of needles and
syringes, and reduces the costs of agent delivery. Addition-
ally, the present system allows for treatment of patients by
less-trained staff, another cost saving benefit, and also helps
prevent the spread of blood borne diseases by reused needles.

Certain embodiments of the present system utilize an
actuator coupled to a disposable aerosolizing element that
aerosolizes an agent for delivery to a patient when acted upon
by the actuator. The aerosolizing element prevents the agent
from contacting the actuator and other non-disposable com-
ponents of the system so that little or no cleaning or mainte-
nance is required. The system therefore is well suited for use
by less-trained personnel in high-workload applications, such
as mass vaccination campaigns.

The present system also can include an aerosolization rate
monitor that monitors the rate at which an agent is being
aerosolized and provides feedback to the user to ensure that
the proper dose is being administered. For example, the sys-
tem can include an indicator light that illuminates or flashes if
the aerosolization rate is outside an acceptable range.

Exemplary methods of the present disclosure comprise
delivery of agents such as vaccine compositions. The meth-
ods of the present disclosure comprise delivery of vaccine
compositions via aerosol administration. The present disclo-
sure contemplates the use of any vaccine composition that can
be delivered via aerosol administration. Particularly preferred
vaccination compositions are those for measles, mumps and
rubella. Such compositions may comprise measles vaccine,
mumps vaccine, rubella vaccine and combinations and mix-
tures such as measles and mumps, rubella and mumps,
measles and rubella, and measles, mumps and rubella. The
vaccines further comprise pharmaceutical or formulation
components such as those known in the art, including, but not
limited to, diluents, compounding agents, surfactants, and
agents to maintain sterility.

FIGS. 1A and 1B depict an aerosol delivery device 10,
according to one embodiment. The aerosol delivery device
10, includes a body, or housing 12 formed with a handle
portion 14 shaped to be held in a user’s hand. The housing 12
in the illustrated embodiment houses a removable aerosoliz-
ing element 16, an actuator 18, and an air manifold 36 sub-
stantially surrounding the actuator 18. The illustrated aero-
solizing element 16 is directly coupled to a vial 22 containing
an agent (e.g., a vaccine) to be administered to a patient. As
described in detail below, the aerosolizing element 16
receives the agent from the vial 22 and expels acrosol droplets
through orifices 110 (FIG. 4A) for delivery to a patient upon
activation of the actuator 18.

The housing 12 is formed with a movable front portion 24
that is mounted for sliding movement in the directions indi-
cated by double-headed arrow 25 between a closed position
(as shown in FIG. 1A) and an open position (as shown in FIG.
1B) to allow access to the aerosolizing element 16. When the






